Summary
The acid, and the activity of liver microsomal mixed function oxidase system (1,2). These metabolic responses are greatly influenced by the quantity (3) , and the quality (4) of dietary protein. Generally the biological value of protein is positively correlated with serum level of cholesterol, urinary and liver ascorbic acid levels, and hepatic drug-metabolizing enzyme activity (3) . Interestingly, in rats fed a diet containing soy protein isolate and PCB, plasma cholesterol and urinary ascorbic acid levels were lower than expected from the biological value of soy protein (5) . This finding suggests that soy protein isolate might be deficient in some factors involved in these metabolic responses to PCB. Sulfur amino acids may be involved in such factors, because marked increases in urinary excretion of ascorbic acid and plasma level of cholesterol were observed after supplementation of methionine to the diet containing soy protein isolate and PCB (3, 5) . Further studies indicated that a diet containing 0.8% of sulfur amino acids produced a maximum increase in serum level of cholesterol and urinary excretion of ascorbic acid due to PCB -feeding, although a diet containing 0.5% of sulfur amino acids was adequate for maximum growth (6, 7) . This observation suggests that more sulfur amino acids might be required for the maximum increase in serum level of cholesterol and urinary excretion of ascorbic acid than for maximum body weight gain and nitrogen balance. Dietary sulfur amino acids influence the serum level of cholesterol level in many species (7) (8) (9) (10) (11) (12) (13) (14) (15) . Recently we demonstrated that serum cholesterol and urinary ascorbic acid levels of rats fed PCB had a significant positive correlation with dietary sulfur amino acids (16) . However, the mechanism of effect of sulfur amino acids on cholesterol metabolism is not known.
It has been suggested that the increase in serum level of cholesterol due to PCB is mainly attributable to a stimulation of liver cholesterol synthesis (17) . PCB -feeding increased 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase [EC 1.1.1.34] activity (17, 18) . 
METHODS
Animals and diets. Male Wistar rats (Shizuoka Laboratory Animal Center, Hamamatsu, Japan), averaging about 90g in weight (250g in experiment 4), were initially fed a commercial diet (CE-2, Japan Clea Co., Ltd., Tokyo) for 3-7 days. The composition of the basal diet was (in weight percent): soy protein isolate (82 protein, Fuji Seiyu Co., Ltd., Osaka, Japan) 24.3; mineral mixture (7), 5.0; corn oil, 2.0; vitamin mixture (7), 0. were fed the diet supplemented with 0.5% of L-methionine (generously supplied by Ajinomoto Co., Ltd., Tokyo). Diets in groups 3 and 4 were supplemented with PCB (300mg/kg of diet, Aroclor 1248, Mitsubishi Monsanto Co., Ltd., Tokyo). This amount of PCB produced the marked increase in serum cholesterol without retardation of growth within this experimental period (7 days). Rats were provided these test diets for 7 days, since the addition of methionine and PCB to the basal diet elevated serum cholesterol markedly within 7 days and serum cholesterol remained relatively constant after three-weeks feeding (unpublished data). Experiment 1. Rats were kept in a room with a 12-h cycle of light (0800-2000) and dark (2000-0800). Tap water was supplied ad libitum, and food was withheld between 1000-1800h. At the end of the experimental period (7 days), rats were killed at 0000h. Immediately the livers were removed and weighed. Hepatic levels of total cholesterol (mg per g of liver) and microsomal cholesterol (gig per mg of microsomal protein) were not affected by dietary addition of PCB and methionine. And free and esterified cholesterol levels in liver (mg per g of liver) were not changed by the addition of dietary PCB and methionine (data not shown). Liver cholesterol expressed as mg per 100g body weight was higher for rats fed PCB than in controls (p<0.01). HMG-CoA reductase is responsible for hypercholesterolemia induced by PCB . Jenke (18) also reported PCB-feeding resulted in the increase in the activity of the enzyme in accordance with the increase in the amount of mRNA coding for HMG -CoA reductase. In the present study, however , supplementation of PCB alone did not induce HMG-CoA reductase activity significantly (nmol/min• 100g body weight) (Table 3 ), in spite of the increase in serum cholesterol by PCB (Table 2) . Kato and Yoshida used casein as protein source and Jenke did not mention protein source. Soy protein isolate was used as the protein source in the present study . Our results show that soy protein isolate might be deficient in some factors involved in the induction of HMG-CoA reductase activity by PCB . Sulfur amino acids, especially methionine (16) , would be involved in such factors. Hepatic HMG-CoA reductase activity was higher in rats fed the methionine-supplemented diet than in those fed the unsupplemented diet when PCB was included in the diets. These results suggested that , in rats fed PCB, dietary methionine stimulates hepatic synthesis of cholesterol through the increase in the activity of HMG-CoA reductase . Moreover, serum cholesterol level had a signifi cant positive correlation with hepatic HMG-CoA reductase activity (r=0 .81, p<0.001, n=28). From these observations, it is considered that methionine-induced hypercholesterolemia in PCB-treated rats is attributable to the stimulation of liver cholesterol synthesis. methionine activates HMG-CoA reductase in vivo, and biosynthesis of cholesterol increases. However, in the control group (without PCB), the increasing effect of supplementation of methionine on serum level of cholesterol was small, in spite of the increase in hepatic content of GSH (Table 1) . Moreover, the dietary addition of cystine, which also increases in hepatic content of GSH, had less serum cholesterol elevating effect compared with that of methionine (7, 16) . Alteration of the hepatic content of GSH by dietary manipulation continues chronically (7, 16) . Therefore the possibility that glutathione plays a role for cholesterol metabolism cannot be excluded. It has been reported that single amino acids (tyrosine, histidine, or cystine) which induce hypercholesterolemia stimulate hepatic cholesterogenesis (21, 40, 41) . Although these amino acids were contained excessively in the diet (5-12%), it is interesting that the amount of methionine necessary to increase serum cholesterol and hepatic cholesterogenesis was only 0.5% and less than one tenth of these amounts. These findings suggest that dietary methionine plays a significant role in cholesterol metabolism, especially in the presence of xenobiotics.
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